Mitochondria isolated from whole tisSue and from freshly sliced and aged disks of beetroot and swedes were tested for their oxidative capacity and their morphology was compared by electron microscopy.
INTRODUCTION
Mitochondria isolated from whole, relatively undisturbed tissue and obeying the criteria of coupled oxidative phosphorylation have been shown to accumulate divalent cations and phosphate (Millard, Wiskich, and Robertson 1964; Hodges and Hanson 1965) and possibly also monovalent cations (Millard, Wiskich, and Robertson 1965) . Currently attempts are being made to establish the function of mitochondria in salt transport in vivo (Atkinson et al. 1966; Qoh and Wiskich 1967) . One approach involves the isolation of mitochondria from thinly sliced disks of storage tissue which, when briefly washed, lack the capacity for net accumulation of ions from dilute solutions, but after a period of aerobic washing become active in this respect. Such disks are accepted as a standard material for salt-uptake studies.
Efforts to isolate active mitochondria from freshly sliced, briefly washed disks, using conventional techniques, failed, but mitochondria isolated from "aged" disks showed a recovery of their oxidative capacity. The work presented here compares the activity and morphology of mitochondria isolated from whole tissue, briefly washed, and aged disks of tissue.
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II. MATERIAL AND METHODS
Mitochondrial suspensions were prepared from red beetroot (Beta vulgaris L.) or swede (Brassica napo-brassica Mill.) tissue in three different lots, depending on the treatment given to the tissue before maceration:
(1) "Whole tissue" preparations: chunks of tissue of at least 25 g were used.
(2) "Fresh disk" preparations: disks were cut 1 mm thick from cylindrical plugs of tissue of 15 mm diameter by means of a hand-microtome. Immediately after cutting they were rinsed three times for periods of 1 hr in deionized water (1200 disks, weighing approx. 240 g, per 4 litres of water) to remove cell debris, and subsequently left to age in the same volume of vigorously aerated water at room temperature. Half the disks were macerated within 18 hr ("fresh" disks), i.e. before they attained a capacity for salt uptake. (3) "Aged disk" preparations: the same disks as above but left to age for at least 2 days, i.e. until after a capacity for salt uptake was attained. To make direct comparison possible the above three preparations were always obtained from the same batch of roots.
Tissues were cooled to approximately 2°C and then macerated either with a Braun juice extractor using a minimal quantity of extraction medium (20 ml o· 4M sucrose+5 ml 0·25M EDTA (sodium salt) + approximately 4·5 mllM Tris to maintain a pH of 7·2-7·4 per 400 g of tissue), or with a Waring Blendor using a relatively large quantity of medium [320 ml 0·4M sucrose incorporating 1 mM EDTA (sodium salt), 2 mM cysteine, and approximately 8 mM Tris to maintain a pH of 7·2-7·4 per 100 g of tissue].
Disks were more easily macerated with the Waring Blendor and whole tissue with the Braun juice extractor. However, whatever the pretreatment, preliminary tests showed that, provided the blender was used for 3 sec on and 2 sec off alternately for not longer than 30 sec, the activities of mitochondria obtained by the two methods of maceration were closely similar. Cellular debris was removed by passing the juice through muslin and centrifuging at 3500 fJ for 15 min in a Sorvall RC-2 centrifuge. Mitochondrial pellets were obtained by centrifugation of the supernatant at 10,500 fJ for 20 min. Further purification of mitochondria was achieved by resuspending the pellets in o· 4M sucrose followed by centrifugation, repeating this procedure twice. The pellets were finally suspended in o· 4M sucrose, 1 ml being equivalent to 40 g fresh weight of tissue.
Oxygen uptake was measured polarographically in a sealed Lucite vessel (using a water-bath with water circulating at 25°C) of 3·3 ml or 2·6 ml volume using a Clark electrode (Yellow Springs Instrument Company, Cleveland, Ohio) . This vessel was connected to a 1 mV G14 recorder (Varian Associates, Palo Alto, California).
The duration of the lag phase of K + and Na + uptake was measured by incubating disks (50 per 250 ml deionized water) under vigorous aeration, and following the leakage and re-entry of ions by sampling the external solution at appropriate time intervals. With swede disks 1 mM NaCI was sometimes added to the external solution as the low Na+ content of the tissue produced only a small initial leakage of Na+ ions. K+ and Na+ concentrations were determined using an EEL flame-photometer.
As the appearance of mitochondria is known to be affected by the fixative (Mzelius 1962), a wide range of fixatives was used in preliminary studies both on mitochondria in suspension and on mitochondrial pellets:
(1) 1 % OS04 in veronal-acetate buffer, pH 7·3 (Palade's fixative), with and without o· 4M sucrose for 2 hr at 0-2°C.
(2) 1 % OS04 plus 1· 25% K2Cr207 in O· 25M sucrose, pH 7· 2 [adjusted with KOH (Kollmann 1960)] for 2 hr at 0-2°C. (3) 5% glutaraldehyde in veronal-acetate buffer (pH 7·2) and 0·4M sucrose or 5% glutaraldehyde in sodium phosphate buffer (pH 7·2) and 0·4M sucrose (Holt and Hicks 1961) for 30 min at 0-2°C, both followed by 30 min in 1 % OS04 at O°C. (4) 4% formaldehyde in sodium phosphate buffer (pH 7·2) and 0·4M sucrose (Holt and Hicks 1961) for 2 hr at O°C followed by 1 hr in 1 % OS04 at O°C. (5) 2% KMn04, 2% NaMn04, 2% Ca(Mn04)2, or 2% Sr(Mn04)2 in veronalacetate buffer (pH 7·2-7·3) for 30 min at O°C.
Different fixations produced important differences in morphological detail. However, no basic differences in intactness of mitochondria were observed except in permanganate fixation of mitochondrial suspensions. Whereas mitochondria fixed in potassium and sodium permanganate were intact, both calcium and strontium permanganate caused the collapse of a large proportion of mitochondria through the separation of mitochondrial matrix and external membrane. Thin mitochondrial pellets fixed in 2% KMn04 gave an appearance most similar to mitochondria in intact cells, although the slow penetration of the fixative through the pellet produced a gradient from good to bad fixation. The most consistent results were obtained by adding a small amount (0·25 ml) of mitochondrial suspension to 4 ml 2% KMn04 followed by centrifugation 30 min later. Mter three aqueous rinses, dehydration was achieved through an ethanol series (25, 50, and 75%) followed by 75% acetone and three changes in 100% acetone.
Small pieces of mitochondrial pellet were embedded in Araldite by transference through an Araldite-100% acetone (1 : 1) mixture, followed by three changes of 100% Araldite, each change lasting at least 30 min. The same procedures were used in fixation and embedding of small pieces (approx. 1 by 1 by 0·5 mm) of whole tissue.
Sections were cut on a Si-Ro-Flex ultramicrotome and transferred to grids covered with a carbon-coated film prepared from a 2% solution of Parlodion in amyl acetate.
Grids were stained either in 2% uranyl acetate in 96% ethanol for 45 min or in drops of lead citrate over 1M NaOH in a closed dish according to the method of Reynolds (1963) for 20 min followed by rinses in 0·02M NaOH and distilled water for 1 min. The grids were examined in a Siemens Elmiskop I electron microscope at 60 kV.
III. RESULTS
Figures 1 and 2 show the duration of the lag in K + and Na+ uptake of beet and swede disks respectively. In beet disks net uptake of Na+, after initial loss, began at approximately 26 hr and of K + at 42 hr after cutting the disks. This sequence of events when disks are placed in deionized water has been confirmed in experiments over many years in different places. Usually the point of inflection where K + uptake starts is sharply defined (Van Steveninck 1961).
• .-J a 10 20 30 40 50 60 TIME (HR) Fig. 1 .~Ohanges in potassium and sodium contents of the external solution over 58 hr due to uptake or release of ions by freshly cut disks of beetroot tissue placed in deionized water (9·4 g tissue/ 250 ml, temperature 24°0). Arrow indicates completion of the lag phase, i.e. time of onset of net uptake of K+ and Na+, respectively.
In swede disks the lag for Na+ uptake again was about 26 hr, but Na+ uptake was preceded by K+ uptake which started at 16 hr. 1 mM NaOl was added to the external solution because practically no Na+ leaked from the tissue which has a relatively low Na+ content. A treatment with 1 mM KOI was included and showed that added 01-did not influence the duration of the lag phase for K +. Normally swede disks show a strong preference for K +, the K + content being of the order of 10-20 times that of Na+ while beet tissue shows no such discrimination. The relative duration of the lags in K+ and Na+ uptake in beetroot and swedes respectively may have a bearing on the observed difference in ion selectivity. Figure 3 shows that mitochondrial suspensions prepared from whole tissue of both species were capable of oxidative phosphorylation, whereas those prepared from relatively fresh disks (13-18 hr) were inactive. The aging of disks resulted in mitochondrial preparations which showed a recovery of oxidative capacity. With swede disks the recovery was complete and a good respiratory control achieved.
,.. -Changes in potassium and sodium contents of the external solution over 58 hr due to uptake or release of ions by freshly cut disks of swede tissue placed in deionized water, 1 mM KCI, or 1 mM NaCI respectively (9·0 g tissue/250 mI, temperature 24°C). Arrow indicates completion of lag phase, i.e. time of onset of net uptake of K+ and Na+ respectively.
Aged beet disks, however, did not always show a recovery of respiratory control, but in this particular experiment the disks were aged for a long period (181 hr). Another experiment in which swede disks were studied over a period of 136! hr showed a decline of respiratory control on aging of the disks beyond 47 hr (Fig. 4) .
In fresh disks (inactive mitochondrial suspensions) a variety of alternatives was used in the extraction of mitochondria. The addition of various concentrations of cysteine, polyvinyl pyrrolidone (Hulme and Jones 1963) , EDTA, and changes in pH of the extraction media did not result in active mitochondrial suspensions. The addition of 1 % bovine serum albumin (B.S.A., Fraction V, Commonwealth Serum Laboratories, Melbourne), however, consistently caused some improvement in oxidative capacity and in one instance with swede disks aged for 18 hr, mitochondria Fig. 3 .-0xygen electrode tracings of oxygen uptake by (a) swede and (b) beetroot mitochondria prepared from whole tissue, fresh disks, and aged disks respectively. 0·5 ml mitochondrial suspension, equivalent to 20 g fresh weight of tissue, added to 2·1 Or 2·8 m1-medium containing 240 mM sucrose, 10 mM Tris-HCl buffer, pH 7,2, 10 mM potassium phosphate buffer, pH 7'2, 5 mM MgC12, and 0·1 mM EDTA (free acid). Other additions (final concentrations) at times indicated by arrows were as follows:
. capable of oxidative phosphorylation were obtained (Fig. 5) . Some improvement in oxidative capacity was also obtained when extracting aged disks with 1% B.S.A. in the medium (Fig. 6 ).
Electron micrographs of mitochondrial suspensions showed that nearly all mitochondria obtained from whole tissue were intact and quite homogeneous in appearance (Plate 1, Fig. 1; Plate 2, Fig. 1 ). Swede mitochondria (Plate 2, Fig. 1 ) differed from beet mitochondria by a much higher incidence of looped cristae as reported by Parsons, Bonner and Verboon (1965) , which may have resulted in the appearance of globular bodies inside the mitochondria (Plate 2, Figs. 2 and 3 ).
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Mitochondria isolated from fresh disks of beet tissue appeared to be totally disintegrated (Plate 1, Fig. 2) , the pellet consisting of a proteinaceous mass and numerous vesicles. Probably most of this destruction took place during the extraction procedure as intact mitochondria were observed fixed in situ in whole cells of briefly washed disks of beef tissue (Plate 5, Fig. 4) .
Some mitochondria isolated from fresh swede disks survived extraction (Plate 3, Fig. 1 ) and in the presence of 1 % B.S.A. a distinct increase in the number of intact mitochondria was observed (Plate 3, Fig. 2 ). ,. . Disks aged 47 hr, 2·1 ml of medium; disks aged 165 hr, 2·8 ml of medium; other details as in Figure 3 . Additions (/inal concentrations) at times indicated by arrows were as follows:
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Disks (47 hr Mitochondrial suspensions obtained from aged beet disks contained an increased number of intact mitochondria, not infrequently connected to each other in stringlike fashion, suggesting the occurrence of mitochondrial division (Plate 4, Figs. 1 and 2). Mitochondrial cristae were either small and numerous or had a swollen appearance similar to those of mitochondria isolated from whole tissue. The apparently dividing mitochondria generally contained the small cristae. The preparations also contained a considerable proportion of membrane material, vesicles, and plastids. Bacteria which must have invaded the disks during the aging period were also present (Plate 4, Figs. 1 and 2 ).
Aged swede disks also produced suspensions containing many intact mitochondria (Plate 4, Fig. 3 ). Only those obtained from 136i-hr-old disks showed the type which appeared to be dividing; they all had small cristae. Mitochondria from 47-hr-old disks, as in beetroot, produced suspensions containing two types of mitochondria (Plate 5, Figs. 1 and 2): (1) mitochondria with swollen cristae and (2) mitochondria with small cristae, the former being exposed to the external medium and the latter mostly surrounded by a membrane-bound environment of cytoplasmic material. The latter type displayed the structural appearance which is usually observed after fixation within intact cells (Plate 5, Fig. 3 ).
IV. DISCUSSION
Examples establishing relationships between mitochondrial activity and ion transport continue to be reported; they range from a general and indirect nature such as provision of respiratory energy to claims of direct involvement in the establishment of ion gradients. However, most conclusions are based on in vitro studies of mitochondrial suspensions. In the work presented here mitochondrial suspensions prepared from whole tissue performed coupled oxidative phosphorylation, mitochondria prepared from freshly sliced disks were almost or totally inactive, and aged disks again yielded active mitochondria. This behaviour coincided with the change in capacity for salt transport of the tissue disks, because freshly cut disks do not accumulate salt until they have been kept in a vigorously aerated solution for an extended period (the lag phase, Van Steveninck 1961). Lee and Chasson (1966) observed a significant (up to fivefold) increase in overall respiratory activity of isolated mitochondria due to the aging of potato slices over a period of 4 days of washing. In this material, however, the yield of mitochondrial nitrogen per unit of fresh weight of tissue increased proportionately with aging and hence they concluded that there was no change in mitochondrial activity per se. lt seems feasible that the lower yield of mitochondria from fresh potato slices was in part due to the slicing of the tissue, causing a decrease in mitochondrial stability during their isolation. Electron microscopy of the mitochondrial suspensions obtained from beetroot and swede clearly indicated that slicing of tissue induces a condition which causes the mitochondria to be extremely unstable during the extraction procedure. The ensuing variability in the constituents of these suspensions rendered their total nitrogen contents meaningless as a parameter for mitochondrial yield. Caplan and Greenawalt (1966) observed that structural intactness is not essential for activity. "Ghost" preparations obtained from lysed rat liver mitochondria showed the same respiratory properties as "whole" mitochondria with the exception that the "ghosts" seemed to show a reduced capacity to phosphorylate ADP. Thus, the lack of activity in mitochondrial suspensions obtained from fresh disks need not be related to the destruction of mitochondrial structure.
The addition of 1 % B.S.A. to the extraction medium caused a consistent improvement in mitochondrial activity with a greater proportion of intact mitochondria being present in the suspension prepared from washed disks. Dalgarno and Birt (1963) obtained oxidative phosphorylation in isolated carrot mitochondria only when 1 % RS.A. was added to the homogenized medium. They showed that the added B.S.A. removed a proportion of free fatty acids from the resulting mitochondrial suspensions. Goh and Wiskich (1967) confirmed this essential requirement of B.S.A. in the isolation of carrot mitochondria. According to Wojtczak and Wojtczak (1960) , fatty acids act as uncouplers of oxidative phosphorylation, but Chrispeels and Simon (1964) suggested that these fatty acids may disrupt the structure of mitochondrial membranes by their detergent action. It has been observed that the slicing of beetroot tissue results in the sudden disappearance of endoplasmic reticulum which reappears on "aging" of the cells (Jackman and Van Steveninck 1967) . This reversible dispersal of membrane material in the cytoplasmic phase when tissue is cut, together with a possible stimulation of phospholipase activity as shown by Bjornstad (1966) , may result in prolonged contact of mitochondria in freshly cut disks with an unusually high concentration of fatty acids prior to extraction which might cause the observed instability. On the basis of present evidence the release of fatty acid components from damaged cells could be responsible for the inactivity of mitochondria isolated from fresh disks. Hackenbrock (1966) has recently shown that the structure of isolated mouse liver mitochondria is greatly affected by their metabolic steady state; the most dramatic change he observed was when ADP was added in the presence of an oxidizable substrate during state IV to state III transition (Chance and Williams 1955).
During this transition mitochondria changed from an "orthodox" structural appearance (as usually observed after fixation within intact tissue) into a "condensed" type (matrix constricted, large cristae, total volume unchanged). On the other hand, suspensions which were kept in O· 25M sucrose only (state I) showed a considerable structural heterogeneity. Without exception the mitochondria in our experiments were suspended in 0·4M sucrose (state I). Whereas the mitochondria isolated from whole tissue were quite uniform in appearance, suspensions from aged tissue contained mitochondria exhibiting either swollen cristae similar to those of Hackenbrock's state III, or small cristae as in Hackenbrock's state IV mitochondria. Those with swollen cristae occurred in direct exposure to the extraction medium and those with small cristae in a membrane-bound environment of cytoplasmic material (Plate 5, Figs. 1 and 2) . Thus, the difference in appearance might have been caused by a difference in immediate environment when the mitochondria were exposed to the fixative, or to a difference in metabolic state cause_d by the additional barrier of cytoplasmic material.
Little information is available on the average life of mitochondria in various tissues. Morphological evidence in our material suggested that during the aging of disks new mitochondria were formed. It is conceivable that during the period of the lag phase the "unstable" mitochondria are replaced by mitochondria of a stable type. The heterogeneity and differential fragility in rat liver mitochondria reported by Lusena and Depocas (1966) might be relevant. Thus it is as yet uncertain whether increased stability of mitochondria during aging of tissue disks may be ascribed to a gradual reduction of the "free" fatty acid component in the cytoplasm through its "precipitation" as reticulum, or to a rapid turnover of mitochondria causing the "unstable" type to disappear in favour of "stable" mitochondria. reported by Parsons, Bonner, and Verboon (1965) are relatively rare. Dense crystalline bodies (G) are present in mitochondrial suspensions prepared from beetroot in a ratio of one "crystal" to approximately 30 mitochondria. X 11,500. Two types of mitochondrial structure can be observed: MI, mitochondria with a dense matrix and swollen cristae; and M 2, mitochondria with small cristae. The M 2 type is usually surrounded by membrane· bound cytoplasmic material. X 15,000. 
